Much of Greenland experienced summers warmer than present during parts of the early to 12 middle Holocene, during a precession-driven positive anomaly in summer insolation. However, 13 the magnitude of that warmth remains poorly known, and its timing and spatial pattern are 14 uncertain. Here we describe the first quantitative Holocene palaeotemperature reconstruction 15 from central East Greenland based upon insect (chironomid) assemblages preserved in lake 16 sediments. We postulate that landscapes like our study site, characterized by minimal soil and 17 vegetation development through the Holocene and thus less influenced by some important 18 secondary gradients, are especially well-suited to the use of chironomids to reconstruct Holocene 19 temperatures. The inferred timing of warmth at our study site near Scoresby Sund agrees well 20 with other nearby evidence, including glacial geological reconstructions and temperatures 21 inferred from precipitation isotopes at Renland ice cap, supporting the use of chironomids to 22 reconstruct temperatures at this site. We infer highest temperatures from ~10 to 5.5 ka, followed 23 by gradual cooling after 5.5 ka and progressively colder and less productive conditions after 3.5 24 ka. Models based upon two independent training sets yield similar inferred temperature trends, 25
and suggest an average summer temperature anomaly from ~10 to 5.5 ka of 3 to 4 °C relative to 26 the preindustrial last millennium. The estimated overall rate of Neoglacial cooling averaged over 27 the period from 5.5 to 0.5 ka was 0.6 to 0.8 °C per thousand years, more than twice the rate 28 Subfossil chironomid (Insecta: Diptera: Chironomidae, or non-biting midge) assemblages 61 preserved in lake sediments are increasingly used across the Arctic and subarctic to reconstruct 62 Holocene temperatures, as indicated for example by the proxy's representation in recent reviews 63 of Holocene climate records by Briner et al. (2016) and Kaufman et al. (2016 It has seasonal surface inflow and outflow today, and is surrounded by very sparsely vegetated 92 boulder fields (Fig. 2) . Surface water temperature in LCL was 8.8 °C on September 5, 2010. 93
Regional climate is strongly influenced by cold surface waters and frequent pack ice off the outer 94 coast, associated with the East Greenland Current. At Ittoqqortoormiit, 140 km to the east at 65 95 m a.s.l. on the outer coast, mean July temperature is 7.1 °C and mean annual temperature is -6. . Weight percent biogenic silica (bioSiO 2 ) was 114 measured following the methods described by Mortlock & Froelich (1989) , using 10% Na 2 CO 3 . 115 Chironomid (Diptera: Chironomidae) remains >100 µm were analyzed following standard 116 protocols (Walker 2001 ). Between 52 and 215 whole head capsules were identified per sample 117 (median count sum was 109 whole head capsules), except for three samples processed from 118 below the lacustrine unit (i.e., within the diamicton) which yielded no head capsules. Sample 119 sizes ranged from 0.1 to 0.5 g dry sediment for all except the sample at 75 cm depth (the deepest 120 sample to yield any head capsules, with low head capsule concentrations that necessitated a 121 sample size of 3.9 g). Head capsules were identified with reference to Wiederholm (1983) sharply angular median and first lateral teeth, and with median teeth that may have a small apical 125 projection and that are at least as tall as the first lateral teeth (Fig. 3) . , but we did find some differences at the sub-genus level, e.g. within Psectrocladius. To 142 assess the similarity of modern analogues to our fossil assemblages, we used the modern 143 analogue technique (MAT) and calculated squared chord distances (SCDs) between each 144 untransformed fossil assemblage and its closest modern analogue in each training set. 145
Palaeotemperatures were modeled on square-root transformed species data using C2 v. 146 1.7.6. Most subfossil morphotypes identified to species type level, e.g., the morphotypes of 147
Cricotopus/Orthocladius and Psectrocladius (Psectrocladius), were lumped at the genus level to 148 harmonize with the training sets. All subfossil taxa were utilized in temperature modelling, 149 except two minor taxa that are absent or excluded from both models: Trissocladius (which is 150 absent from both training sets but occurs in six downcore samples at a maximum abundance of 151 three percent) and Diamesa (of which two head capsules were found in our bottommost gyttja 152 sample). The mix of Psectrocladius species types lumped in the FRA06 training set is not 153
described, but we know that the training set includes P. sordidellus type, whereas P. barbimanus 154 and P. nr barbimanus types are most abundant at our study site. In the FRA06 training set, the 155
Tanypodinae are also mostly undifferentiated and (given the broad climate gradient of the 156 training set sites) likely to include a different mix of species types than our cold, Mid-to High-157
Arctic study site. As a means to assess our reconstruction's sensitivity to possible taxonomic 158 The oldest lake sediments at LCL, which overlie diamicton (Levy et al. 2014 ) and date to 179 sometime prior to 10 ka, contain assemblages dominated by Oliveridia/Hydrobaenus and by 180
Tanytarsini including Micropsectra (Fig. 5) . Some Tanytarsini may be pioneering postglacial 181 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Inferred temperatures began to decline in the middle Holocene by ~5.5 ka, followed more than 210 500 years later by a decline in bioSiO 2 and subsequently OM. An abrupt assemblage shift 211 occurred at ~3.5 ka, after which Oliveridia/Hydrobaenus, Pseudodiamesa, and Micropsectra 212 increased and Tanypodinae disappeared. BioSiO 2 and OM percentages were low after 3.5 ka, 213
Page 8 of 30 Boreas
both having values <10% for much of the past two millennia. 214
215

Temperature modelling 216
Quantitative temperature reconstructions generated using the three different models described 217 above show important differences and similarities (Fig. 5) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 between models, and most of the absolute temperature reconstructions are within sample-specific 241 errors of one another (Fig. 5) . Reflecting the similar trends indicated by the three models, they 242 yielded similar reconstructed temperature anomalies, especially FOR15 compared with the 243 FRA06-TR model excluding two taxonomically ambiguous groups (Fig. 6) . We henceforth 244 discuss anomalies rather than absolute temperature inferences, and furthermore we give greatest 245 weight to inferences from the FOR15 training set, which as discussed above contains better 246 analogues for our fossil data. July temperatures inferred from FOR15 were 3 to 4 °C higher 247 from ~10 to 5.5 ka than in the last millennium, and anomalies inferred using the two FRA06 248 models generally bracket those estimates. The corresponding inferred overall rate of Neoglacial 249 cooling, averaged over the period from 5.5 to 0.5 ka, was 0.6 to 0.8 °C per thousand years. 250 Holocene vegetation change in the region -does not coincide with a notable chironomid 264 assemblage shift at our study site. Although, as described above, some chironomid taxa 265 including Psectrocladius and Cricotopus may have responded to changes in macrophyte 266 abundance or other aspects of lake productivity, shifts in overall productivity and substrate 267 recorded by OM and bioSiO 2 do not predict shifts in inferred temperature. Rather, changes in 268 these variables consistently lag inferred temperature changes, as would be expected if past 269 millennial-scale temperature changes drove changes in lake trophic status. Thus we suggest that 270 secondary gradients do not seriously confound temperature reconstructions at this site. 271
Several additional observations lend confidence in modeled palaeotemperature trends at 272 LCL: Inferred temperature trends agree well between models (Fig. 6) 
-a necessary albeit not 273
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Holocene temperature change in East Greenland 294
We infer the highest temperatures in central East Greenland from ~10 to 5.5 ka, with average 295
July air temperature anomalies of 3 to 4 °C relative to the last millennium of the Holocene (Fig.  296 Page 13 of 30 Boreas   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 ). Gradual cooling began by 5.5 ka in the middle Holocene, followed by additional assemblage 297 shifts suggesting intensified cooling at ~4 to 3.5 ka and then progressively colder conditions 298 throughout the late Holocene. Results from Two Move Lake, <0.5 km away, support these 299 climatic interpretations: Influx of meltwater from nearby Bregne Ice Cap ceased at 10 ka when 300 the ice cap retreated outside the lake's watershed, supporting the onset of warmer-than-present 301 conditions at that time. Subsequent cooling is inferred from increasing non-glacial clastic 302 sedimentation beginning at 6.5 ka, and glacial meltwater returned to the watershed initially at 2.6 303 ka and consistently after 1.9 ka as the ice cap expanded ( Fig. 6 ; Levy et al. 2014) . 304
The timing of peak warmth inferred from these two lakes is very similar to that inferred 305 from sediment geochemistry, diatoms and chironomids at lakes Basaltsø and B1 on Geographical 306
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